This paper identifies a number of events and circumstances, which contributed in Great Britain during the period 1938-1963 to the development and adoption of OR outside the military and defence concerns. I show how the OR club formed a focus for industrial activity and the development of the subject. The early growth in education and training provision will also be traced to indicate its influence on the direction of OR and its acceptance as an academic discipline.
PREHISTORY
It has been suggested that the origins of operational research lies with the ancient Chinese or Egyptians in terms of the influence of technical invention on war or advance planning for future events. An example of the latter is the efforts of Joseph to organise for the seven years of famine in Egypt that followed the seven years of plenty is an excellent example of a successful planning process (Genesis 41 v 25-57). Throughout history, there have been many examples of the use of science to develop new machines and processes to improve the ability of man to survive and prosper. The unique feature of OR is that it is successful only if the results of its work influence the decisions and courses of action adopted by others. It relies on the use of models to describe and predict the future and to indicate the most likely outcome of alternative decisions. The subject was recognised at a time in the 1930s when it was necessary to use scarce resources in as efficient a manner as possible (making the best of what was available).
THE BEGINNINGS
Although the examples of work down the centuries have been cited as examples of OR, it was not until E. C. Williams, a young physicist from Birmingham University, was recruited in 1937 to join the team in Bawdsley working on the development of radar that the title was first used. He was required to study the actual operational use of radar and was given the title of operational research. This designation was then adopted by a number of small teams, who gathered together from 1939 onwards to assist the British military decision making in World War II. The nuclei of these teams were scientists working in government development establishments, who were seconded (temporarily transferred) initially to the Air Ministry (under Robert Watson Watt). Harold Lardner was seconded from telecommunications to various Air Force commands. Scientists such as P. M. S. Blackett, S. Zuckerman, and C. H. Waddington became scientific advisors to the various military commands. Blackett (1948) in particular was instrumental in establishing the worth of OR in a major contemporary report on the scientist at the operational level. He advocated adopting a scientific discipline with formal analysis to the studies that were not aimed at just producing better weapons but more concerned with how to improve the use of existing ones and how to deploy troops, ships, aeroplanes, tanks, and guns more effectively. Problems of strategy were to the forefront of the work, but this seems to have been confined initially to individual commands. From about 1942, there are several examples of collaboration between British OR sections and allies in Canada (J. W. Abrams, A. G. Nickle, and H. Lardner) and the United States (e.g., C. Kittel).
The members of these sections were scientists used to sharing their research experience and, as far as the military needs allowed, some close associations grew between individuals in different commands. After the war, some of the members of these informal groups were to be invited to form the OR club, with about 30 members who met whenever possible to share experiences. The club was an opportunity for scientists who had been working in OR to stay in touch when hostilities ceased, and it helped in the founding of the subject as an invaluable contribution to the problems of transition to peacetime needs.
EARLY PEACETIME WORK AND NATIONAL NEEDS
At the conclusion of World War II in 1945, Europe was totally devastated. The industry that survived had been mainly devoted to the war effort. Communications, roads, and rails were in a very run-down state. There was a shortage of housing, food, and all raw materials. The United Kingdom had elected a new government (socialist), which set itself the task of rebuilding the infrastructure and revitalising industry. It had a policy of public ownership, Haley / 83 and many strategic organisations were nationalised. The basic industries of steel, coal, railways, electricity, gas, and water were taken over. Health and education were changed to ensure that everyone could receive free education and health care, with the provision of private facilities considerably reduced. This entirely new organisation had to be managed, and the skills of the scientists who had been involved in wartime OR activities should have proved invaluable in assisting the government in its formidable task. Unfortunately, OR seems to have been largely ignored by civil government with a few notable exceptions, whereas the military activities continued and grew in importance, albeit with, in recent years, a change of name to operational analysis. Some of the OR scientists, such as C. Goodeve, W. K. Slater, C. Gordon, and A. W. Swan, were recruited to industrial and government posts, but several, including P. M. S. Blackett, H. Tizard, and S. Zuckermann, returned to academia and their original disciplines of physics, chemistry, and anatomy. In 1946, Waddington wrote a preface to his book, which was eventually published 25 years later, justifying its publication in part by stating "There is very little doubt that this type of science (operational research) will be widely used in future in many different fields. Men with experience of the wartime developments are already at work in jobs that, whatever they may be called, are in fact operational research assignments" (Waddington 1973) .
The Ministry of Works established a small OR group to examine housing needs, which operated from 1946-1949, when its members moved to the Home Office (Sir E. Stradling) and the Building Research Station and continued to carry out OR studies. Other groups included those in the Department of Scientific and Industrial Research (DSIR) and the Ministry of Supply. There was very little involvement by other government departments until after 1960, when there was a sweeping move to instigate effective groups. The significant developments before this time, however, were in the nationalised industries.
Iron and steel went through a number of major ownership changes from private to public twice from 1945, eventually reverting to private ownership in 1988. From 1948, however, the Federation of Iron and Steel Companies, which involved all the major firms, and the Government Department of Scientific and Industrial Research (DSIR) formed the British Iron and Steel Research Association (BISRA) and appointed Sir Charles Goodeve as its director. The appointment was instrumental in ensuring that OR had a major presence in the steel industry. The BISRA was able to tackle problems on an industry-wide scale and to produce results that were of a generic nature. At the same time, it was possible for this group to be able to give support to the larger individual firms that were able to establish their own OR groups. The British Cotton and Research Institute under L. H. C. Tippett worked in the field of the measurement of productivity to determine the factors that significantly influenced the level of performance, which were known to vary significantly between different spinning mills. When obvious differences due to raw materials were removed there were large variations, which were attributed to a management factor where the major effects were identified as human factors, including supervision and incentive payments.
It is not practicable to mention all the industrial activities that were reported but the papers listed in the further readings section of the references under the titles "OR in " give several examples for the fields of accounting, air traffic control, building, coal, electricity, market research, materials handling, medicine, retailing. The topics discussed at OR club meetings further demonstrate the range of organisation that claimed to have an active OR activity.
Industrial and commercial management had other service groups, which included accountancy, work study (time and motion studies), and organisation and methods (O&M). The latter name caused considerable confusion for many people who would insist in calling operational research "O&R." There was a considerable overlap with the early work, and advice given by OR and both rivalry and cooperation existed. The necessary data for OR studies had often to be provided by work study departments and accountants who would use their own criteria, which sometimes conflicted with OR. Indeed there are papers in the early editions of the Operational Research Quarterly (ORQ) on the accuracy and development of, particularly, the work measurement techniques and how they can be adapted for OR use.
Much of the development of OR can be traced to the way in which the OR Society grew. The members were able to use the club/society as a way of keeping in touch with the work of their peers, to try out ideas and share experiences. Unlike some of the longer established professions, there was neither an agreed body of knowledge nor a commonly accepted definition of the subject. Potential users needed to be instructed in its nature and helped to understand what it could offer to their day-to-day managerial problems. The education offered by British universities at that time was of a traditional nature, and with the obvious exceptions of medicine and law, most professions did not demand a university education as a prerequisite for entry. It was 84 / Haley possible-and in some cases essential-that new entrants took the examinations offered by the professional bodies, and exemption from some or part on the grounds that an individual possessed a relevant degree was very unusual. Some years later, major changes were to occur, particularly from the time that there was an increased provision of university places in the mid 1960s. The expansion of higher education enabled the institutions, particularly accountancy and engineering, to demand a degree before a candidate could be considered for membership. Certain bodies prided themselves on being "learned" rather than "professional" and would accept members from anyone who expressed an interest in the subject. This was especially true of the Royal Statistical Society and the Operational Research Society.
OR CLUB AND OR SOCIETY: THE FIRST FIFTEEN YEARS
Following a dinner discussion in the Athenaeum (Blackett, Goodeve, Tizzard, and C. Gordon) in autumn 1947, the OR Club was founded in 1948 with a restricted membership of 30. Prior to the publication of the ORQ in March 1950, the papers presented to the OR Club were regarded as confidential and were not described in detail, but from that time the ORQ listed the titles of the topics that were discussed in the club. In a few cases, some summaries were given of the content, and a few papers appeared some years after the first presentation, either in the quarterly or in other publications. The records of the development of OR in the United Kingdom are almost entirely centred on the activities of the OR Club. Some of the highlights and meetings are recorded in the ORQ, which was under the joint editorship of R. T. Eddison and M. Davies. This journal was launched by the surplus from a short course of lectures arranged by University College London. During its first five years, many of the articles described the work in different industries but in addition the domestic notes included the following items: 1950. The University of Birmingham ran a two-week course on work study and operational research (July 2-14). A part-time course that included aspects of OR was run in University College London. And papers were given on air traffic control and the relationship between work study and operational research. It was announced that in the United States, an American committee on operations research had been established.
1951. Five Meetings were held, which included papers on OR in electricity supply, livestock breeding, the steel industry, building, coal industry, and market research. Other subjects included laws and methods of physics applied to social problems, productivity measurement, and the national food supply. Easterfield and Swan contributed to the Case Institute seminar in November.
1952. The club increased its membership limit and a total of 78 people were recognised as members. A conference was held on marshalling and queueing and included a major paper on the theory of queues and examples of application to car parks at London Airport, unloading of ore ships, hospital waiting times, air traffic control (delayed aircraft), and self-service restaurants. OR in medicine incorporated the value of survey work, hospital organisation (nursing and ward design), case loads (discharge, admission, length of stay, waiting lists), hospital costing, health centres.
1953. The club's presentation was concerned with men and machines in transport, factors influencing road behaviour of drivers (legal restrictions, presence of police, clear instructions, propaganda, driver attitudes), pedestrian choice, and judgment (crossing roads, when and where, subways and bridges). OR in electricity described load by consumer, their needs and demands, and consumption analysis. Reports of a survey of members of the club and other interested people indicated the range of companies and government bodies using significant OR, which included boot and shoe, broadcasting, building, chemical, coal, confectionery, engineering, machinery, industrial consultants, metals, pharmaceuticals, social survey, textiles, transport (air, land, sea), and defence. There was limited use of OR in agriculture, baking, brewing, brick, civil and electrical engineering, department stores, and fertilizers.
1954. The most significant feature of the year was the conversion of the club, which then had 72 members, to a society in November. The society started 1954 with a membership of 101 in two grades of membership (full and associate). It was also the year that I became a research student in OR.
The ORQ had reached its fifth year, and the first article that attempted to extend the theoretical aspects of OR was published (Taylor and Jackson 1954) . There were attempts to try to define the subject, but no agreed form of words emerged. The various descriptions of problems did not show any common techniques, nor were there any agreed tools of OR. The common features were still the scientific approach to problem resolution. The short courses referred to in the next section attempted to show some examples of similar problems and addressed features that were in the same industries. It would be three years later, with the publication, "Introduction to Operations Research," by Churchman et al. (1957) that OR scientists would start to regard themselves as competent if they were able to identify the problems they tackled with one of a limited set of techniques. In the United Kingdom queueing was seen as one of the earliest techniques, and in the course of the next few years a number of articles concentrated on the use and development of closed solutions and then through the use of simulation with an approach that could be applied more easily.
There was a major overlap both in terms of technique and application between the activities of the Royal Statistical Society (RSS) and the OR Society. Meetings of the former body often were on special topics that could be regarded as OR. For example, queueing and machine interference problems, statistical quality control, Monte Carlo simulation, and by the early 1950s, linear programming. The only real repository for theoretical papers concerned with OR Haley / 85 techniques were the journals of the RSS. I was encouraged to join the RSS as a society that had a significant set of research activities, and it was not until late that 1956 that I joined the OR Society as an associate member. There was no student membership grade and in fact less than a half-dozen students in the United Kingdom. I had joined ORSA as a full member and partly because of this status, I was able to obtain the full membership of OR Society in 1959. The OR Society concentrated on the application and not the refinement of the technique, and when a paper had been given to the society it was sometimes written up in summary or occasionally in full in the ORQ.
A pioneering conference on linear programming was held in May 1954 under the sponsorship of Ferranti, Ltd., when some 85 people heard talks about an airlift problem, transportation of coking coal, an application of dynamic programming to forestry, a new method of LP called leading variables, and most significantly, some experiences of using computers on the diet problem and with the simplex method. Within three years, A. J. Hoffman (1957) was to write a technical report for the Office of Naval Research on LP activities in Great Britain and contrasting the hand computations of A. H. Land, J. Stringer, and K. B. Haley with the advanced computational developments in the United States.
It must be remembered that there were no real computing aids other than slide rules and simple electrical or hand-operated calculators. The FACIT, Monroe, and Marchant calculators were the most commonly used machines, but even these could not multiply three numbers together without the need to key in an interim result. The German hand-operated Brunsviga of the 1930s did allow this advanced calculation! Data collection in the National Census of 1951, for example, relied on hand punching of Hollerith Cards, which could then be sorted and collated with a minimum of calculations, but as Hoffman pointed out, no effort was made to use punch card machines. My own experience was that these machines were not readily available outside the accountancy function, and therefore we resorted to many visual aids to assist in the tedious calculations. Problems that required extensive calculation therefore took a long time. Solutions, which required regular calculations before they could be implemented, e.g., daily production schedules, needed very quick and often approximate methods. Nomograms Beer (1955) , tables, and analogues were often used, and as late as the 1960s, a "slide rule" was constructed to calculate the EOQ. Much effort was therefore directed to finding solutions that were both robust, and if possible, in closed form so that substituting a few numbers in a formula was ideal.
The OR Society continued to operate as a mainly London-based organisation with occasional meetings held in Manchester, Birmingham, and Cardiff until 1958, when, inspired by the international conference in Oxford the previous year, it held its first national conference in Harrogate. It was during that year that the need of a paid secretary was recognised and a permanent office was established. At the same time, the various regions of the country had established sufficiently large company OR groups to be able to contemplate holding regular local meetings, and a regular meeting established in South Wales. Other local groups in the Midlands (of which I was the first secretary) and the North were to start in the following year. It was during this year that the first U.K. full time master's degree course was started in Birmingham, and a commercial company (Pergamon) was appointed to publish the ORQ with Eddison as the sole editor.
During the period the society and various universities were able to welcome many overseas visitors, including Ackoff, Churchman, Jewel, Salveson, Koopman, Koenigsberg, and Morse.
Study groups in inventory control, marketing and sales forecasting, metal industries, production control and production scheduling, programming, queueing, simulation and gaming, and transport were established in 1961, which was also the year that R. L. Ackoff became the Joseph Lucas Visiting Professor in Birmingham. His presence had a major impact on the whole of the U.K. educational scene, inspired a number of initiatives in the way the subject was viewed in industry, and was one of the prime movers in the establishment of the Institute for Operational Research.
In recognition of his contribution to the subject and the OR Society, Sir Charles Goodeve became the first holder of a U.K. honorary degree in operational research in July 1962 at Birmingham University.
The general OR Society growth was to continue steadily at about 10% per year until 1963, when with a membership of over 1,000, the rate increased dramatically and the membership was 2,647 by 1968. It has consistently offered increased service to its members and additional facilities to industry and maintained a large (80%) majority of nonacademic members (see Figure 1) . The low proportion of academic members reflects the growth of the U.K. society as a body to encourage the exchange of practical experiences. The universities were largely concerned with classical education. Science, engineering, and management did not become significantly popular with students until the late 1960s. OR Society membership.
UNIVERSITY DEVELOPMENT, SUMMER SCHOOLS, AND INDUSTRIAL SEMINARS
The dependence of OR on the scientific training of its exponents meant that each problem formed was seen as a new application. The approach was the defining feature of OR rather than any defined core of knowledge or technique. This approach was well documented and followed the clearly defined route of experimental science (Blackett 1948 (Blackett , 1950 . Very little technique had been developed specifically for OR, and until the subject started to have some academic structure, no particular methods were associated with it. The ideas and solution techniques of linear programming did not emerge (in the West) until late in 1947, so this was not an option. An exception was the work of Koopman (1946) on search theory, but this does not seem to have been a significant technique in the United Kingdom. Although stock control models are variously dated to the beginning of the 20th Century and queueing to the work of Erlang about the same time (Brockmeyer et al. 1948 ), these did not seem to have formed part of the military use of OR. The statistical ideas of probability and distributions were the backbone of most studies and many models relied on these concepts. The return of OR scientists to civilian duties was not therefore accompanied by the availability of a number of new techniques. The individuals were, however, able to understand how the approach had been useful and, for some of them, how it could be applied in their peacetime activities. The OR scientists who returned to academia in the main turned their backs on OR and regarded it as an interlude in their normal research discipline, which they then resumed with vigour. Fortunately, some individuals entered industry and were able to establish working groups or arrange that individuals could be employed to advise them. The senior managers had available to them teams that were employed in work study activities, quality control (sometimes involving SQC), and production planning, although there were no advanced techniques. Large firms, particularly the chemical companies (ICI being a leader), had come to rely on statistical design of experiments as the means of carrying out valid experiments in a factory setting and assisting in ensuring accurate machine settings, product quality, and satisfactory control mechanisms with reduced variability. Work study and work measurement were tools to increase productivity and reduce wasted activity. The rivalry between these techniques and OR was emphasized by the head of work study at ICI decreeing that the title OR should not be used in the company.
The skills needed to apply these techniques did not form part of university education, but some of them were available as part of night school courses. However, the larger firms did provide some training for new staff. A few independent organisations were set up to give concentrated courses in particular skills. A significant influence on the acceptance of OR as an academic subject was T. U. Matthew, who was a member of the O.R Club and had been recruited from the Tube Investments Company to be the first Professor of Engineering Production (a chair sponsored by the Lucas Company) at Birmingham University. The subject title took its origins from the Scottish university system, where engineering production was the managerial training given to mechanical engineers. Matthew established a number of summer schools devoted to expanding the knowledge of industrial executives, and by the use of case studies as well as formal teaching, they brought together common experiences. He instigated research into the main methods of production control and developed new approaches to work measurement and work study, sponsored research staff in the new field of linear programming (in the early 1950s), and helped establish ergonomics as a development from work study. The summer schools were developed into formal courses and offered from July 1950 in the field of work study and operational research (Eddison 1953 describes one of the courses in detail).
In 1954, he recruited three students of mathematics to study for Ph.D. degrees in OR. Colin Titmus investigated work measurement, Eric Page studied queueing theory, and I was introduced to the fascination of linear programming. During the December short course, I was asked to talk on the potential of LP and described a theoretical distribution problem of coal from collieries to power stations. A member of the course was a senior planning officer for the British Electricity Authority and invited me to carry out a trial study. The results were very successful, and the approach was adopted and later was to form the basis of a paper at the first International Conference (Stringer and Haley 1957) .
These became regular events, and many of the pioneers of OR attended as both speakers and delegates. The other main educational offerings were based on night school classes in London colleges, notably Northampton Polytechnic. These evening courses and the two-week residential programmes continued for many years and formed the basis of sharing experiences, and later, the introduction of graduates to the subject of OR.
The introduction of a master's program in operational research by Birmingham University in September 1958 was followed by similar offerings in Imperial College London (1961 ), Hull University (1962 ), and Cranfield (1961 . These programs included a period of training involving an industrial-based project, and all students were expected to have obtained some industrial experience before entering the university. In October 1960, LSE embarked upon an apprentice scheme in association with BISRA, whereby selected employees were sent for nine months to study for a degree and to undertake their practical OR training in the steel company that employed them.
The pattern of employment whereby new entrants were recruited to OR groups and then provided with additional education and skills was set. The skills were obtained both by working with experienced senior staff and by attending appropriate short courses. The major exception was the large NCB Field Investigation Group. I joined this group in 1957, and early in 1958, under the guidance of Haley / 87 B. H. P. Rivett and L. T. Hems, the group selected techniques and skills that seemed likely to be valuable to its new entrants and offered an in-house training program, with lectures and seminars being given by the members of the group itself. Exercises were set (and marked!), and training manuals that were to form the basis of a textbook were produced (Houlden 1962) .
It is significant that the recruits to OR tended to spend about three years in one job before moving to another to obtain further experience and responsibility. The establishment of the master's courses enabled a number of employers to send their staff on such a course after they had been employed for a period.
The period from 1964 saw the creation of a number of new universities in the United Kingdom. Within these universities, there was a major expansion in education for operational research. This took the form of the provision of undergraduate courses in the subject as well as several new master's programs. Prior to this, the normal practice was to teach OR only as a postgraduate, and in some cases a post experience topic, building on first degrees in numerate disciplines. The other major effect was to dissuade some employers from sponsoring their staff on courses but expecting them to have had the basic technique training as part of their undergraduate or postgraduate education.
THE INTERNATIONAL SCENE
The year 1956 was in many ways the most significant in terms of the impact of OR on the international scene. The announcement of an international conference to be held in Oxford, England in September 1957 sponsored by the OR Society in the United Kingdom and the Operations Research Society of America and The Institute of Management Sciences in the United States was circulated (see Figure 2 ). This conference was to prove to be the focus for the development of OR worldwide, with many countries establishing societies as a result of the meeting.
The details of the planning of the conference have been described by Rand (2000) and all the papers appear in the proceedings, which unusually includes a photograph of almost all the delegates (Davies et al. 1957) .
The conference lasted for four and a half days and consisted of six plenary sessions, one discussion session, and two sessions devoted to company visits. I was fortunate to be present as one of the youngest delegates and to be able to make a presentation to the whole conference immediately following George Dantzig. The great advantage of holding every session in a plenary form was that we all could learn of the latest experiences in subjects other than our own. It may have been the last occasion that many OR people could reasonably have felt that they had some knowledge of all of OR. One of the sessions was allocated to reports on the state of OR in various countries, which was originally timetabled for seven contributions but eventually there were 16, which demonstrated the foot hold OR was making throughout the world. On the social side, in addition to a conference dinner and a visit to Stratford-onAvon, the other two evenings involved informal visits to a selected number of conference hosts. These small parties gradually moved from one set of rooms to another and formed larger groups where many new friendships and research contacts were established.
The unexpected financial success encouraged the organisers to repeat the event three years later in France and then on a triennial basis. The societies in France, America, and the United Kingdom decided that there was sufficient interest in the subject to form an International Federation of Operational Research Societies prior to the second conference, and it was formally established in January 1959 and held its first delegates meeting in Aix-en-Provence at the conference.
Agreement was reached at that conference to sponsor an abstract journal (International Abstracts in OR), which was launched in 1961 with H. Galliher as the first editor. The concept included every IFORS society nominating a contributing editor (I was the U.K. appointment), who would be responsible for organising the search of its national literature for appropriate papers to be abstracted.
IFORS built on the growth of interest in the subject and the benefits to be gained from international cooperation. It expanded very rapidly and by 2000 had 45 member societies.
/ Haley
The nature of OR has varied throughout its existence and its ability to tackle unusual problems has been the attraction of the subject. This paper has attempted to show how the subject, the OR Society, and then IFORS started, and how they have attempted to provide for the changing needs of the world.
